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SUMMARY

As, the outcome of vaccine therapy was extremely heterogeneous in both human and murine
hepatitis B virus (HBV )-carriers, the experiments presented here were performed to find out a
prognostic marker of vaccine therapy using an animal model of HBV-carrier state, HBV-transgenic
mice (Tg). Neither the prevaccinated titres of viral markers, such as hepatitis B surface antigen
(HBsAg), hepatitis B e antigen (HBeAg) or HBV DNA, nor the function of lymphocytes prior
to vaccination, had significant influence on the outcome of vaccine therapy. Two independent,
placebo-controlled, trials of vaccine therapy for 12 months, one in 17 HBV-Tg and the other in
26 HBV-Tg (total, n=43) showed that the eight of 17 and 15 of 26 HBV-Tg that had potent
dendritic cell (DC) function at the start of vaccine therapy became completely negative for
HBsAg, HBeAg and reduced HBV DNA, whereas all 19 HBV-Tg that had poor DC function at
the start of vaccine therapy became complete non-responders, although, the prevaccinated titres
of HBsAg, and HBeAg were similar in all 43 HBV-Tg. Further study to find the mechanism
underlying this revealed that there was up-regulation of major histocompatibility complex (MHC)
class II, CD86 antigens on DC and increased production of interleukin-12 (IL-12) by DC and of
IL-2, and tumour necrosis factor-o (TNF-a) in DC/T-cell cultures when vaccine containing
HBsAg was injected in HBV-Tg with potent DC function but not in HBV-Tg with poor DC
function. This is the first report on the prognostic importance of DC during an immune therapy.
Degree of activation of DC following vaccination would possibly help to predict the outcome of
vaccine therapy in human HBV-carriers. These data also provide the scientific and logical basis

to up-regulate the function of the DC before an immune therapy.

INTRODUCTION

Hepatitis B virus (HBV) is a non-cytopathic virus and causes
chronic liver diseases including cirrhosis of liver and hepatocel-
lular carcinoma.! Both the virus and the immune response of
the host play a major role in the pathogenesis of persistent
HBYV infection. Like other chronic infections, treatment of
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HBV-carriers is difficult and time consuming.? Interferon is
recommended for therapy in HBV-carriers and initially only
one-third of the HBV-carriers have benefited from interferon
therapy. But, extensive clinical trials showed prognostic mark-
ers of interferon therapy and now more than 70% of HBV-
carriers with good prognostic markers [hepatitis B e antigen
(HBeAg) positivity and moderate degree of DNA polymerase
activities] show long-term remission following interferon ther-
apy,>” indicating the importance of prognostic markers in the
clinical set up.

Recently, a potent immunotherapy, called vaccine therapy,
has been proposed for HBV-carriers, in which injections with
vaccine containing hepatitis B surface antigen (HBsAg) alone
or with other HBV-related proteins have shown both antiviral
and immunomodulatory effects in HBV-carriers.® One study
of vaccine therapy in 32 human HBV-carriers has shown
complete clearance and reduction of HBV DNA in 10 and
four HBV-carriers, respectively,” on the other hand, a second
trial in 14 HBV-carriers reported clearance of HBV DNA in
nine, HBeAg in six and development of antibody to HBeAg
in two HBV-carriers.® Although, these clinical trials have
shown the initial promise of this new immunotherapy, nothing
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is known as to why only some of the HBV-carriers responded
to vaccine therapy, while others did not. Again, nothing is
known regarding the virus-related or host-derived factors that
might be useful to predict the outcome of this therapy.

Vaccine therapy is a type of immune therapy and it is
postulated that both viral and/or host derived-factors and
their interactions are vital to predict the outcome of this
therapy. But there is an obvious limitation to the performance
of elaborate studies regarding host-virus interactions in
humans due to major histocompatibility complex (MHC)
mismatching among individuals.

We and others have shown that HBV transgenic mice
(HBV-Tg)*™'! is a useful animal model of HBV-carrier state
to elucidate the viral biology and to study the host-virus
interactions, when these are used to address questions that
cannot be otherwise approached by the existing methodology
in human HBV-carriers. To investigate the utility of HBV-Tg
as an animal model of the HBV-carrier state during vaccine
therapy, we conducted a double-blind, placebo-controlled trial
of vaccine therapy in a group of 32 HBV-Tg.!? Similar to
human HBV-carriers, the vaccine therapy was effective in
murine HBV-carriers but the outcome was heterogeneous and
the titres of HBV-markers were not useful to predict the
outcome of vaccine therapy; we postulated that the host-
derived factor(s) might have influenced the outcome of vaccine
therapy in both human and murine HBV-carriers.

The present communication has described a series of
experiments in HBV-Tg to find out a prognostic marker of
vaccine therapy. First, a trial vaccine therapy was conducted
in a group of HBV-Tg for 12 months, which showed that
some HBV-Tg responded to vaccine therapy, whereas, others
became non-responders, although, the prevaccinated levels of
HBsAg, HBeAg and HBV DNA were similar in all HBV-Tg.

Further experiments revealed that although the function
of lymphocytes was similar, the stimulatory capacity of DC,
the most potent antigen-presenting cell (APC), was hetero-
geneous among HBV-Tg; we speculated that the function of
DC might have prognostic importance during vaccine therapy.
However, there was an obvious limitation to the study of DC
function at the start of vaccine therapy and the evaluation of
the response to vaccine therapy in the same HBV-Tg after
12 months, because DC were usually isolated after killing the
HBV-Tg. This was overcome when a good correlation was
established between the serum titres of keyhole limpet haemo-
cyanin (KLH)-specific antibody following immunization with
a specific dose of KLH and the stimulatory capacity of DC in
both untreated and vaccinated HBV-Tg. Based on these find-
ings, two trials of monthly vaccine therapy were conducted in
HBV-Tg for 12 months to see whether the function of DC
before the start of therapy had any influence on the final
outcome of vaccine therapy. We have also studied why only
HBV-Tg with potent DC function responded to vaccine ther-
apy and the relationship between activation of DC and thera-
peutic activity of vaccine therapy has been discussed.

MATERIALS AND METHODS

Animals

HBV-Tg (official designation:1.2HB-BS10) were produced by
microinjecting a partial tandem duplication of the complete
HBYV genome (Subtype Adr) into fertilized eggs of C57BL/6
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mice. HBV-Tg produced HBsAg, HBeAg and HBV DNA in
sera and HBV-related mRNAs were expressed in liver, kidney
and testis.” Normal C57BL/6 (H-2°) and C3H/He (H-2¥) mice
(Charles River INC, Nagoya, Japan) were used in mixed
cultures and allogenic mixed leucocyte reaction (MLR),
respectively. HBV-Tg and normal mice were kept separately
and bred in our animal facility. All animals received humane
care according to the institutional guidelines.

Reagents and antibodies
RPMI-1640 with 10% heat inactivated fetal calf serum was
used as culture medium, unless specified otherwise. Collagenase
IIT was used to make a single-cell suspension of spleen (Sigma,
St. Louis, MO). Cytotoxicity medium containing 0-3% bovine
plasma albumin and 25mMm HEPES in RPMI-1640 was
obtained from Cedarlane Lab. Ltd. (Hornby, Ontario,
Canada). Viable cells were separated from dead cells by
applying on a separation gradient, Lympholyte -M (Ficoll 400
and sodium diatriozate, density 1-0875+0-00005, Cedarline).
The antibodies used in this experiment have been described
in detail in previous reports.'*!# In short, monoclonal anti-
bodies to Thy-1.2 (clone 5a-8), Lyt-1.2 (clone CGI16)
(Cedarlane, Ontario, Canada), and CD45R (clone RA-3-6B2)
(Pharmingen, San Diego, CA) were used to deplete T cells,
and B cells, respectively, with low-toxic complement (C)
(Cedarlane). Hamster anti-mouse CDIllc (N418), a
DC-specific antibody!’ and fluorescein isothiocyanate (FITC)-
conjugated antibody to hamster IgG (Cappel, Malvern, PA)
were used to stain cells in flow cytometry. FITC-conjugated
antibody to mouse Ia (clone M5/114) (Boehringer Mannheim
Biochemica, Mannheim, Germany), FITC-conjugated anti-
body to mouse CD86 (B 7-2), and FITC-conjugated antibody
to mouse CD80 (B 7-1) (Pharmingen) were used to study the
expression of these antigens on DC.

Detection of HBV-related antigens and antibody

HBsAg, HBeAg and antibody to HBsAg (anti-HBs) in sera
were detected by the haemagglutination method, as described
using commercial kits (Mycell, Tokyo Institute of
Immunology, Tokyo, Japan).!? In these methods, sera showing
haemagglutination at a dilution >2? were positive for respect-
ive HBV-markers.

Detection of serum HBV DNA by polymerase chain reaction
(PCR)

Total DNA were isolated from sera exactly according to an
already described method'? and were adjusted to different
concentrations between 50-0 ng and 0-00005 ng/ul by 10-fold
serial dilution. The HBV DNA sequence in the samples was
amplified by PCR with synthetic oligonucleotides spanning
X /precore/core region of HBV DNA. For 1-0 pl of total DNA,
25 pmol sense primer [nucleotides (nt) 1725-1747,
AAGGACTGGGAGGAGTTGGGGGA], 25 pmol anti-sense
primer (nt 1966—-1946, GAGAGAAAAAACGGAAGACTG),
2:5 mmol dATP, dCTP, dGTP and dTTP each, 10 x TPCR
buffer (100 mm Tris—HCI, pH 8-3, 500 mm KCl) and 2-5U
Taq polymerase (Perkin Elmer Cetus, Norwalk, CT) were
adjusted in 46-0 ul of total volume. After a 5-min denaturing
step at 94°, 35 cycles, each lasting 60 seconds at 94°, 90
seconds at 50°, and 150 seconds at 72° were run. Elongation
was completed by an additional 7-min incubation at 72°. The
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PCR product was visualized electrophoretically in an ethidium-
bromide-stained 3% agarose gel. The presence of a band
242 base pairs (bp) long was considered a HBV DNA-specific
signal. Negative control consisted of serum DNA from normal
C57BL/6 mice.

In situ hybridization for HBV DNA in liver

In situ hybridization for HBV DNA was performed using the
in situ hybridization kit using a non-radioactive digoxigenin-
labelled DNA probe (Kreatech Biochemistry, Amsterdam, the
Netherlands), as described.!* In short, paraffin-embedded liver
specimens were cut in 4-6-pm sections, heat-fixed at 56° for
16 hr, deparaffinized in xylene, digested in pepsin (0-01 m HCI,
1:80), prehybridized in prehybridization mixture, supplied
with the kit and then digoxigenin-labelled HBV DNA probe
was applied to the specimen, and denatured at 90°. Finally,
the staining was completed by incubating with alkaline phos-
phatase-labelled, antidigoxigenin, and subsequently with nitro-
blue tetrazolium and S5-bromo-4-chloro-indolyl-phosphate.
Positive signals for HBV DNA were detected as blackish
granules in the liver. Controls were stained with a negative
control probe supplied with the kit. Moreover, livers from
normal C57BL/6 mice were stained with a digoxigenin-labelled
HBV DNA probe to use as controls.

Immunization with KLH

When mice were injected with KLH only, they received two
injections of KLH, intraperitoneally (i.p.), in phosphate-
buffered saline (PBS) at an interval of 2 weeks. In most of
the experiments, HBV-Tg were injected with 5 pg of KLH,
i.p. in PBS and boosted once after two weeks.

Detection of anti-KLH IgG and non-specific IgM and IgG

KLH-specific and LPS-induced non-specific IgM and IgG
productions were determined by an enzyme-linked immuno-
sorbent assay (ELISA) according to the method already
described.’*'* In short, binding capacities of peroxidase-
conjugated goat anti-mouse IgG were assayed as enzymatic
reaction of hydrolysis of a substrate, orthophenylenediamine,
by measuring the optical density (OD) value at 492 nm with
an ELISA reader (SJeia Auto Reader, Model ER-8000, Sanko
Junyaku Co. Ltd, Tokyo, Japan). Pooled sera from unprimed
mice were taken as negative control and sera containing known
amounts of IgM and IgG (Binding Site Limited, Birmingham,
UK), and standard sera rich in anti-KLH IgG were used as
positive control. In the anti-KLH IgG assay, the cut-off value
for a positive response was the mean +three standard devi-
ations (SD) of the OD value for the negative control. Since
the OD values at 1:80000 of anti-KLH IgG-rich standard
sera were almost equal to the cut-off value, their OD value
was designated as 1:-0 DTgU. For all practical purposes, anti-
KLH IgG levels >1-0 DTgU were considered a positive anti-
KLH IgG response. Levels of anti-KLH IgG in specimen were
estimated based on the standard curve plotting OD values at
different dilutions of anti-KLH IgG-rich standard sera.

Vaccine therapy in HBV-Tg

Male HBV-Tg, aged 6-8 weeks, and positive for HBV DNA
in sera and having titres of HBsAg and HBeAg of 27 and 2*
in sera, respectively, were randomly assigned to receive i.p.,
injection of complete Freund’s adjuvant (CFA) only (placebo

recipient) or HBV-vaccine containing 10-0 pg of HBsAg (sub-
type; Adr, Research Foundation for Microbial Diseases of
Osaka University, Osaka, Japan), emulsified in CFA, i.p. at
entry and once in a month for consecutive 12 months (vaccine-
recipient) or left untreated (control). Sera were collected from
all HBV-Tg before the start of the experiment and were the
mice were bled monthly for the placebo and vaccinated group
and once in 3 months for the controls.

Cell preparations

Various cell populations were prepared from mouse spleen
according to the methods described previously with slight
modifications.’*'* Briefly, lymphocytes containing T and B
cells were obtained by passing single-cell suspensions of spleen
through Sephadex G-10 columns. B cells were isolated from
T/B cells by depleting T cells with anti-Thy-1.2, anti-Lyt-1.2
and C. T cells were enriched by applying T/B cells to a T-cell
recovery kit (Biotex, Lab. Inc. Alberta, Canada).

DC and DC-enriched APC were isolated according to the
methods of Crowley et al. with some modifications.!® In short,
mouse spleens were injected with 1-0 ml collagenase (100 U/ml,
Clostridium histolyticum, type III, Sigma Chemical Co., St.
Louis, MO), cut into pieces, and incubated at 37° for 30 min
in 1-0 ml collagenases (400 U/ml). A single-cell suspension of
spleen was obtained by mechanical agitation with culture
medium supplemented with 10% fetal calf serum. Single-cell
suspensions from mice spleen were centrifuged on dense albu-
min column (P=1-082) at 4° for 30 min at 10000 g, and the
cells at the interface were collected and cultured for 90 min at
37° on plastic surface. Non-adherent cells were discarded and
the adherent cells were cultured for an additional 18 hr at 37°
after which it became non-adherent. The non-adherent cells
after an 18-hr culture were recovered and depleted of contami-
nating T and B cells using anti-Thy-1.2, anti-Lyt-1-2, anti-
CDA45R plus C and were used as DC-enriched APC. In order
to isolate the pure populations of DC, 18-hr non-adherent
cells were depleted of macrophages by two additional adher-
ence steps at 37° and were depleted of Fc-receptor-bearing
cells by resetting with antibody-coated sheep erythrocytes.
Fc-receptor-negative cells were treated with a mixture of anti-
Thy-1-2, anti-Lyt-1-2, anti-CD45R plus C to eliminate con-
taminating T and B cells and were used as pure populations
of DC.

Antigen-specific T lymphoblasts were prepared according
to the method of Inaba et al.!” with some modifications by
culturing T cells with HBsAg in culture medium supplemented
with mouse serum for 10 days, after which the viable cells
were collected by applying on a density gradient,
Lympholyte-M.

Cell culture for proliferation and antibody production
This was done according to the already described methods
with slight modifications.'®!* Proliferation of T cells in
response to concanavalin A (Con A) (20 pg/ml) and that B
cells to lipopolysaccharides (LPS) (50-0 pg/ml) were assayed
by measuring [*H]thymidine ([?*H]TdR) incorporation
(10 uCi/ml) during the last 12 hr of culture period of 56 and
72 hr, respectively.

For non-specific immunoglobulin production, purified B
cells at 3 x 10° cells/well were cultured with LPS (30 pg/ml)
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in 200 ul of medium in 96-well culture plates, and culture
supernatants were collected 5 days later.

The stimulatory capacity of various doses of DC was
determined by monitoring proliferation of allogenic T cells
from C3H/He mice, sodium periodate (NalO,)-treated autol-
ogous T cells and HBsAg-specific T lymphoblasts. DNA syn-
thesis was assayed by measuring the incorporation of [P"H]TdR
at a dose of 1-0 uCi/ml during the last 16 hr of a culture period
of 48 hr (oxidative mitogenesis) and 120 hr (allogenic MLR
and HBsAg-specific proliferation).

Cytokine productions in cultures

The capacity of DC to produce interleukin-12 (IL-12) was
evaluated by culturing 2 x 10° DC/200 pl in 96-well culture
plates for 48 hr. Production of IL-2 and tumour necrosis
factor-o. (TNF-o) were seen in supernatants from cultures
containing T Ilymphocytes from HBsAg-injected normal
C57BL/6 mice and DC from different sources.

Estimations of cytokines

IL-2, IL-12 and TNF-o were estimated in supernatants by
ELISA methods using commercial kits (IL-2, IL-12 and TNF-a
kit, BioSource International, CA). Samples were incubated on
microtitre plates coated with respective monoclonal antibodies,
followed by addition of a biotinylated second antibody. After
removal of excess antibody, colour development was finished
by enzymatic reaction of streptavidin peroxidase, the intensity
of which was directly proportional to the concentrations of
respective cytokines in the samples. The amounts of cytokines
in the samples were estimated by calibrating the OD values of
the samples with the OD values of the standards, supplied
with the kits. The lowest levels of cytokines detectable by these

kits were; IL-2, 150 pg/ml; IL-12, 7-8 pg/ml; TNF-a,
19-5 pg/ml.
Cytofluorometry

This was done according to a previously described pro-
cedure.'*4 Briefly, cells were stained with an optimum dilution
of FITC-conjugated specific antibody directly or were stained
with an optimum dilution of primary antibody followed by
FITC-conjugated antibody, washed and suspended in PBS
containing 1% bovine serum albumin and 0-02% sodium azide
and finally FITC* cells were counted in a flow cytometer
(EPICS profile, Coulter Corp, Hialeah, FL). Cells unstained
and stained with FITC-conjugated second antibody alone
served as a control.

Statistical analysis

Data were expressed as means +SD. Statistical analyses were
performed using Student’s t-test, the Fisher Exact test and
Mann-Whitney’s U-test, as indicated. In all statistical compari-
sons, a P-value<0-05 was used to indicate a significant
difference.

RESULTS
Heterogeneous outcome of vaccine therapy in HBV-Tg

Those HBV-Tg that became completely negative for both
HBsAg and HBeAg in sera and reduced HBV DNA due to
12 months of vaccine therapy were regarded as vaccine
responders. The placebo-recipients and the control HBV-Tg
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did not show significant alterations in the titres of HBsAg and
HBeAg after the end of 12 months of vaccine therapy.
Although, all 35 vaccine-recipient HBV-Tg were of the same
age and sex and had similar titres to HBV-related markers, 22
of the 35 vaccine-recipient HBV-Tg became completely nega-
tive for HBsAg and HBeAg in sera (vaccine responders),
whereas, HBsAg and HBeAg remained mostly unchanged
in 10 vaccine-recipient HBV-Tg (vaccine non-responders)
(Table 1). Serum HBV DNA were reduced in all vaccine
responders but not in any vaccine non-responders (data not
shown). In 20 vaccine responders, circulating anti-HBs were
detected in sera.

Heterogeneity of DC function in HBV-Tg

As HBV-markers had no prognostic importance during vaccine
therapy in HBV-Tg, host-derived factors, such as function of
lymphocytes and APC were analysed in untreated HBV-Tg.
The proliferation of T cells from HBV-Tg in response to Con
A in the presence of APC from normal C57BL/6 mice (ranged
between 23564 c.p.m. and 29219 c.p.m., n=12), B cells to
LPS (ranged between 32456 c.p.m. and 37213 c.p.m., n=12),
the production of polyclonal IgM (ranged between 5-4 pg and
5-8 ng, n=12) and IgG in response to LPS (ranged between
5-3 ug and 5-8 pg, n=12) were almost similar among differ-
ent HBV-Tg.

But, the levels of blastogenesis in allogenic MLR-contain-
ing T cells from C3H/He mice and pure populations of DC
(n=9) or DC-enriched APC (n=13) from HBV-Tg were

Table 1. Outcome of vaccine therapy in HBV-transgenic mice*

HBsAg HBeAg Anti-HBs
Vaccine-recipients HBV-Tg
Before 24 (n=35)F 2% (n=35)  2°(n=35)
After
Responders 20 (n=22) 20 (n=22) 27 (n=10)
2° (n=38)
24 (n=2)
2% (n=2)
Semi-responders 24 (n=3) 23 (n=3) 2°(n=3)
Non-responders 20 (n=6) 24 (n=8) 2° (n=10)
2° (n=4) 23 (n=2)
Placebo-recipients HBV-Tg
Before 27 (=15) 2*(n=15) 2°(n=15)
After 27 (n=12) 2% (n=14) 20 (n=15)
26 (n=3) 2 (n=1)
Control HBV-Tg
Before 27 (n=10) 24 (n=10) 2° (n=10)
After 27 (m=T)  2*(m=8)  2°(n=10)
2% (n=3) 23 (n=2)

*Three groups of HBV-Tg having similar levels of HBV-markers
in sera were injected with HBsAg in CFA (Vaccine-recipients) or CFA
only (Placebo-recipients) once a month for 12 consecutive months or
were left untreated (Controls), and the response to vaccine therapy
was evaluated 12 months after the start of therapy. 1 Titres of HBsAg,
HBeAg and anti-HBs were shown by haemagglutination; levels > 2?2
indicated a positive response and the end-point dilution was reached
by a twofold dilution. } indicated number of HBV-Tg.
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extremely heterogeneous (Table 2). The levels of blastogenesis
ranged between 14234 c.p.m. and 42387 c.p.m. when pure
populations of DC were used as stimulators and were between
8324 c.p.m. and 31254 c.p.m. when DC-enriched APC were
used as stimulators. The heterogeneous levels of blastogenesis
in allogenic MLR could not be attributable to the T-cell
populations because all T cells were taken from a pooled
source of T cells from normal C3H/He mice. Moreover, when
the same T cells from C3H/He mice were cultured with DC
from normal C57BL/6 mice in allogenic MLR, the levels
of blastogenesis were mostly similar (38679 c.p.m. to
46654 c.p.m.). These data showed the heterogeneity in the
stimulatory capacity of DC among HBV-Tg, although all
HBV-Tg were of same age, sex and MHC background and
had similar levels of HBV-markers.

Heterogeneity in the serum titres of anti-KLH IgG in HBV-Tg

Thirty-three HBV-Tg having similar levels of HBsAg, HBeAg
and HBV DNA and 18 normal C57BL/6 mice were injected
twice with 5 pg of KLH in PBS (a dose known as an optimum
dose to induce anti-KLH IgG in all normal C57BL/6 mice'?),
1.p., at an interval of 2 weeks and the titres of anti-KLH IgG
were estimated 6 weeks after first injection. All normal mice
produced anti-KLH IgG in sera, as expected. But, the response
of HBV-Tg to KLH was heterogeneous in HBV-Tg. Nineteen
of the 33 HBV-Tg produced significant levels of anti-KLH
IgG (>10-0 DTgU/ul) (KLH-responders) in sera, whereas, 10
HBV-Tg could not produce any anti-KLH IgG (KLH-non
responders) and four HBV-Tg produced only very small
amounts of anti-KLH IgG (1:0-2:0 DTgU/ul).

Table 2. Heterogeneity of stimulatory capacity of DC from HBV-Tg
in allogenic MLR

Range of c.p.m. No. of HBV-Tg c.p.m.
Pure DC populations
10000-20 000 3 14234, 16354, 17453
20000-30 000 2 28767, 29876
30 000-40 000 3 32767, 34357,
>40000 1 42387
DC-enriched antigen-presenting cells
5000-10 000 2 8324, 9245
10000-20 000 5 13265, 14356, 16254,
17564, 19238
20000-30000 5 23654, 27654, 28 546,
28798, 29123
>30000 1 31254

Pure populations of DC (>90% DC were positive for N418, a
DC-specific marker and expressed very high levels of MHC class 1I)
and DC-enriched APC (containing 35-65% N418 positive cells) were
isolated from the spleen of HBV-Tg with same age and sex and
expressing similar levels of HBsAg, HBeAg and HBV DNA, as
described. T cells were isolated from normal C3H/He mice (H-2%)
using a T-cell recovery kit and were cultured with mitomycin-C-
treated DC populations from HBV-Tg in allogenic MLR for 5 days.
The incorporation of [PH]TdR during the last 16 hr of the total
culture period of 5 days was expressed as c.p.m. There was marked
heterogeneity in the levels of blastogenesis in allogenic MLR among
HBV-Tg.

Relationship between stimulatory capacity of DC and levels of
serum anti-KLH in HBV-Tg

We found marked heterogeneity, both in the stimulatory
capacity of DC and in the levels of anti-KLH IgG in HBV-Tg,
but we were not sure whether these two independent obser-
vations were related or not because the experiments regarding
the stimulatory capacity of DC and production of anti-KLH
IgG were carried out in different HBV-Tg. In order to have
further insights in this regard, 55 HBV-Tg with similar levels
of HBV-markers were injected with 5 pg of KLH in PBS, i.p.,
and were boosted with the same dose after 2 weeks. The levels
of anti-KLH IgG were estimated in sera 6 weeks after the first
injection. Out of 55 HBV-Tg, 34 produced high levels of anti-
KLH IgG (>10-0 DTgU/ul) (KLH-responders) in sera,
whereas, 16 HBV-Tg could not produce any anti-KLH IgG
(KLH-non responders). All HBV-Tg were then killed and T
and B lymphocytes and DC-enriched APC were isolated from
the spleen. Table 3 shows that the proliferative capacity of
T cells in response to Con A (34254+6576 c.p.m. versus
3724346876 c.p.m., P>0-1), of B cells to LPS (27267 +4532
c.p.m. versus 25467 +6502 c.p.m., P<0-1), the production of
polyclonal IgM (7-2+31-1 pg/ul versus 6-8+1-2 pg/ul) and
IgG (6:8+1-7 pg/ul versus 6:5+1-5pug/ul) by B cells in
response to LPS were not different between KLH-responders

Table 3. Increased stimulatory capacity of DC from KLH-responders

HBV-Tg
KLH KLH
responders non-responders

Lymphocyte function

Lymphocyte prolifera- (c.p.m.) (c.p.m.)
tion

Con A-induced 34254+ 6576 37243 + 6876

LPS-induced 2726744532 2546746502
Production of immunoglobulins (pg/ml) (pg/ml)

IgM 72+1°1 6:8+12

I1gG 6:8+17 6:5+1-5
DC function (c.p.m.) (c.p.m.)

Allogenic MLR 4125449532* 1741245439

Oxidative mitogenesis 372394+ 6723* 1426746120

Injection of 55 HBV-Tg with same age and sex and HBV-markers
with two injections with KLH in PBS showed 34 HBV-Tg produced
>10 DTgU/ul of anti-KLH IgG (KLH-responders), whereas 16
HBV-Tg produced no anti-KLH IgG (KLH-non responders) in sera
6 weeks after the first injection with KLH. The proliferative response
of T cells to Con A (in presence of APC from normal C57BL/6 mice)
and of B cells to LPS were assayed by measuring the incorporation
of [PH]TdR. Production of immunoglobulins by B lymphocytes in
response to LPS was estimated by measuring the IgM and IgG in
culture supernatants. The lymphocyte function was shown as
mean +SD of duplicate assays of triplicate cultures of seven separate
experiments. Stimulatory capacity of DC-enriched APC was estimated
from the levels of blastogenesis in allogenic MLR and oxidative
mitogenesis, as described in the Materials and Methods. Data were
shown as c.p.m. of mean + SD of duplicate assays of triplicate cultures
of 12 separate experiments for KLH-responders and eight separate
experiments for KLH-non-responders. *P <0-05 compared with KLH-
non-responders.
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Figure 1. Correlation of anti-KLH IgG titres (DTgU ) and stimulatory
capacity of DC (counts per minutes [c.p.m.]) in HBV-Tg. HBV-Tg
were injected with 5 pg of KLH in PBS, i.p., twice at an interval of
2 weeks and anti-KLH IgG titres were measured in sera 4 weeks after
second immunization. Allogenic MLR was done using DC-enriched
APC from HBV-Tg and T cells from C3H/He mice. The incorporation
of [*'H]TdR (c.p.m.) during the last 16 hr of the 5-day culture period
indicated the stimulatory capacity of DC. The stimulatory capacity of
DC (c.p.m.) positively correlated with the anti-KLH IgG titres (r=
0-866, P<0-0001) in HBV-Tg.

and KLH-non-responders. But, the stimulatory capacity of
DC-enriched APC from KLH-responders was significantly
higher compared with the stimulatory capacity of DC-enriched
APC from KLH-non-responders in both allogenic MLR and
oxidative mitogenesis (Table 3).

When the stimulatory capacity of DC-enriched APC in
allogenic MLR (blastogenesis in c.p.m.) and the anti-KLH
IgG titres in sera (DTgU/ul) from the same HBV-Tg were
plotted (n=23), a good correlation was seen between these
two immunological markers and we used the anti-KLH IgG
titres as an indicator of DC function in HBV-Tg (r=0-866,
P<0-0001, Fig. 1).

Relationship between function of DC and the outcome of vaccine
therapy

The experiments described in this series showed that the
stimulatory capacity of DC could be predicted 6 weeks after
injecting KLH by estimating anti-KLH IgG in sera. In order
to evaluate the utility of titres of anti-KLH IgG as a marker
of DC function and also to assess the role of DC, if any, as a
prognostic marker during vaccine therapy, two trials of vaccine
therapy were conducted in HBV-Tg. In the first one, a group
of 17 HBV-Tg with similar levels of HBsAg, HBeAg and HBV
DNA were injected with vaccine containing 10 pg of HBsAg
in CFA and 5 pg of KLH at the same time. KLH was injected
once more after 2 weeks. All HBV-Tg were bled from the tail
vein 4 weeks after the booster injection and the titres of anti-
KLH IgG were estimated in sera. Eight of the 17 HBV-Tg
produced more than 10-0 DTgU/ul of anti-KLH IgG (high-
responders), whereas three did not produce any anti-KLH
IgG (non-responders) and six HBV-Tg showed very small
amounts of anti-KLH IgG (0-3-0 DTgU/ul) in sera. All 17
HBV-Tg were assigned to receive monthly injections of vaccine
containing HBsAg in CFA for 12 consecutive months.

As shown in Table 4, all eight HBV-Tg that were high-
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Table 4. Relationship between the titers of anti-KLH IgG and
response to vaccine therapy

anti-KLH IgGt HBsAg HBeAg anti-HBs

HBV-  (>1:0 DTgU/u) (>22) (>22) (>2%)

Tg*

No. B A B A B A B A
1 0-3 10-8 27 2t 24 2t 20 2%
2 0-2 12-3 27 2! 24 2t 20 23
3 0-3 13-4 27 2t 24 2t 20 24
4 0-3 195 27 2! 24 2t 20 23
5 0-4 14-8 27 2t 24 2t 20 24
6 0-4 152 27 2! 24 2t 20 2’
7 0-3 13-3 27 2t 24 2t 20 24
8 0-4 10-7 27 2! 24 2t 20 24
9 0-5 29 27 27 24 2% 20 20

10 0-4 1-8 27 200 24 23 20 20

11 0-4 2:6 27 27 24 2% 20 2!

12 0-5 2:1 27 25 24 24 20 2!

13 0-3 2-4 27 26 24 28 20 2!

14 0-4 19 27 200 24 24 20 2!

15 0-3 0-7 27 25 24 24 20 2!

16 0-4 0-4 27 27 24 28 20 20

17 0-4 0-5 27 27 24 24 20 2!

*Seventeen HBV-Tg with HBsAg and HBeAg titres of 27 and 24,
respectively, and with no anti-KLH IgG in sera were injected with
5 pg of KLH in PBS and vaccine containing 10 pg of HBsAg in CFA
at the same time. fKLH (=10 DTgU/ul) was injected once more
after 2 weeks and anti-KLH IgG in sera was estimated 6 weeks after
the first injection with KLH; the anti-KLH IgG levels >1-0 DTgU/ul
indicated a positive anti-KLH IgG response. Vaccination with HBsAg
in CFA was continued once a month for 12 consecutive months. B,
before the start of vaccine therapy and KLH injection. A, after
6 weeks in the case of anti-KLH IgG titres, and after 12 months in
the case of HBV-markers. HBsAg, HBeAg, and anti-HBs in sera were
screened by haemagglutination and end-point titration was done by
twofold serial dilution and levels >22 indicated a positive response.
Mice nos 1-8 were KLH-vaccine responders, whereas, mice nos 9-17
were KLH-non responders. All KLH-responders also became vaccine
responders.

responders to KLH became completely negative for HBsAg,
HBeAg and developed anti-HBs in sera after 12 months of
vaccine therapy. These vaccine-responding HBV-Tg also
reduced HBV DNA in sera compared with the prevaccinated
levels (Fig. 2). Moreover, in situ hybridization of liver also
showed significantly reduced levels of signals for HBV DNA
in vaccine-responding HBV-Tg compared with their prevacci-
nated levels and vaccine non-responders ( Fig. 3). On the other
hand, nine HBV-Tg that showed either no or very little
anti-KLH IgG in sera 6 weeks after injecting KLH became
vaccine non-responders and HBV-markers remained mostly
unchanged in these HBV-Tg (Table 4).

Although, these experiments showed a direct relationship
between the anti-KLH IgG titres and response to vaccine
therapy but as KLH and HBsAg were injected together, it
might be possible that injection with KLH might have modu-
lated the outcome of vaccine therapy in responders. Again, it
was possible that injection with HBsAg in CFA influenced the
titres of anti-KLH IgG, when both KLH and HBsAg were
injected together. This issue was addressed by conducting a
second trial of vaccine therapy in 26 HBV-Tg in which all
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Figure 2. Reduced levels of HBV DNA in sera from vaccine
responders. Total DNA from sera of vaccine responder and non-
responder HBV-Tg were isolated, measured and adjusted to different
concentrations. Total serum DNA (0-5 ng) in two representative cases
from vaccine responders (HBV-Tg No. 1 and 2) and two representative
cases from vaccine non-responders (HBV-Tg no. 3 and 4) before the
start of vaccine therapy (b) and after the 12 months of therapy (a)
were amplified by PCR and allowed to run on agarose gel. A band
242 bp in length indicated the presence of HBV DNA. Lanes indicating
(+), and (—) indicated the known positive control and negative
control, respectively.

HBV-Tg were injected with 5 pg of KLH in PBS, twice at an
interval of 2 weeks and anti-KLH IgG levels were seen 6 weeks
after the first injection. All 26 HBV-Tg were given a rest for
8 weeks after a booster injection with KLH. Then the first
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dose of vaccine therapy was started and monthly injection
with vaccine was continued for 12 months. Sixteen HBV-Tg
showed high titres of anti-KLH IgG (>10-0 DTgU/ul] and
15 of these became complete vaccine responders, while one
that became negative for HBsAg was slightly positive for
HBeAg (HBeAg titre 23 by reversed passive haemagglutination
method). On the other hand, all 10 HBV-Tg that were either
low or no responders to KLH (anti-KLH IgG, 0-3-0 DTgU/ul)
were vaccine non-responders.

Selective activation of DC following vaccination

Data from our experiments showed that HBV-Tg with potent
DC function had better stimulatory capacity in allogenic
MLR, produced high titres of anti-KLH IgG in sera 6 weeks
after injecting KLH and ultimately responded to vaccine
therapy, which was evaluated 12 months after the start of
therapy. HBV-Tg with poor DC function showed no such
activity. This indicated that vaccination with HBsAg in
HBV-Tg might cause different types of cellular events
depending on whether HBV-Tg had a potent DC function or
poor DC function. To have more insights into this and to
reconfirm the utility of anti-KLH IgG titres as a marker of
DC function, 46 HBV-Tg having HBsAg and HBeAg titres of
27 and 2* in sera were injected twice with 5pg of KLH in
PBS. Twenty-one HBV-Tg produced anti-KLH IgG more than

(©

(d)

Figure 3. In situ hybridization for HBV DNA in liver from HBV-Tg before vaccine therapy (a), after vaccine therapy in vaccine
responders (b) and in vaccine non-responders (c) and in liver from normal C57BL/6 mice (d). HBV DNA were seen as black
granules in the liver using the degoxigenin-labelled HBV DNA probe. A decrease in the signals for HBV DNA was found in
vaccine responders HBV-Tg compared with HBV-Tg before vaccine therapy and in vaccine non-responder HBV-Tg after vaccine

therapy. In control liver (d), there was no signal for HBV DNA.
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Table 5. HBsAg-induced up-regulation of MHC class II and CD86
on DC from KLH-high responders

KLH-high-responders KLH-non responders

MHC class I1

PBS 223-0+17-0 198-:0+15-0
HBsAg in 478-04+30-0* 214-0+22:0
CFA
CD86
PBS 173-0+7-0 170-0+13-0
HBsAg in 355-0 +£23-0* 167-0+21-0
CFA
CD80
PBS 154-0+19-0 132:0+29-0
HBsAg in 189-0+34-0 145-:0+35:0
CFA

HBV-Tg with similar levels of HBsAg, and HBeAg were injected
with 5 pg of KLH in PBS, i.p. at an interval of 2 weeks and anti-
KLH antibody was estimated in sera 6 weeks after the first injection
and expressed in DTUg/ul. HBV-Tg producing >10-0 DTgU/ul of
anti-KLH antibody were regarded as KLH-high-responders, whereas,
those that could not produce anti-KLH antibody were regarded as
KLH-non-responders. All HBV-Tg were kept on a normal diet for
5 months. Half of the HBV-Tg from both KLH-high-responders and
non-responders groups were injected with 10 pg of HBsAg in CFA
and the other half were injected with PBS. DC were isolated from all
HBV-Tg, 3 days after injecting HBsAg in CFA or PBS. The expression
of MHC class II, CD86, and CD80 was analysed by direct flow
cytometry and data were shown as mean + SD of fluorescence intensit-
ies (n=3). Injection of HBsAg in CFA caused up-regulation of MHC
class II and CD86 on DC from KLH-high-responder HBV-Tg but
not in KLH-non-responder HBV-Tg; *P<0-05.

10-0 DTgU/ul (KLH-high-responders) and 12 HBV-Tg could
not produce any anti-KLH IgG in sera 4 weeks after booster
injection with KLH (KLH-non-responders). All HBV-Tg were
rested and maintained on a normal diet for 5 months. Then
these HBV-Tg were injected with either 10 pg of HBsAg in CFA
or PBS and pure populations of DC were isolated from spleen
3 days after injections. As shown in Table 5, the expression of
MHC class II and CD86 on DC was significantly higher in
KLH-responders HBV-Tg compared with KLH-non-responders
HBV-Tg following injection with HBsAg in CFA, although the
expression of these antigens was not significantly different
between KLH-high-responder and KLH-non-responder HBV-Tg
following injection with PBS. The levels of IL-12, IL-2 and
TNF-o were also significantly higher in cultures containing DC
from KLH-high-responders compared with cultures containing
DC from KLH-non-responders (Fig.4). Although significant
amounts of IL-12, IL-2 and TNF-a were produced in all five
cultures containing DC from KLH-high-responder HBV-Tg
(HBV-Tg with potent DC function), cultures containing DC
from KLH-non-responder HBV-Tg (HBV-Tg with poor DC
function) did not show any detectable levels of IL-12 in three,
IL-2 in two and TNF-a in three cultures.

Induction of HBsAg-specific proliferation by DC from KLH-
responders

DC, isolated from KLH-high-responders and KLH-non-
responders were pulsed with HBsAg, as described in the
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Figure 4. Production of IL-12 by dendritic cells and IL-2 and TNF-a
in culture containing T cells from DC from HBV-Tg with potent DC
function and HBV-Tg with poor DC function. Dendritic cells (2 x 10°
cells/200 pl) from HBV-Tg with potent DC function (@) and from
HBV-Tg with poor DC function (M) were cultured for 48 hr with
HBsAg and IL-12 in culture supernatants were measured by an
ELISA. The production of IL-2 and TNF-o was estimated in super-
natants from cultures containing T cells from HBsAg-primed normal
mice and dendritic cells from HBV-Tg with potent DC function (@)
and from HBV-Tg with poor DC function (H).

Table 6. Efficient induction of HBsAg-specific proliferation by DC
from KLH-high-responders

Stimulation index
(positivity >2-0)

Unpulsed
dendritic cells

HBsAg-pulsed
dendritic cells

KLH-high-responders 73+1-1
KLH-high-responders 14-3+2-1
KLH-non-responders 1:240-3
KLH-non-responders 1:34+0-2

Normal C57BL/6 were injected with HBsAg (10 pg/mouse) in
CFA, twice at an interval of 4 weeks and killed 2 weeks after the last
immunization and T cells were isolated from spleen. HBsAg-specific
T lymphoblasts were generated from splenic T cells by culturing with
HBsAg for 10 days. The proliferation of HBsAg-specific lymphoblasts
(3 x10%) in response to DC or HBsAg-pulsed DC (1-5 x 10*) without
or with HBsAg (10 ng/ml) HBsAg in culture was estimated from the
incorporation of [PH]TdR (expressed as c.p.m.) during the last 16 hr
of a total culture period of 5 days. Stimulation index was calculated
by dividing the levels of c.p.m. in cultures containing HBsAg with
c.p.m. in cultures without HBsAg. A stimulation index of >2-0
indicated a significant proliferation. Data were shown as mean+SD
of duplicate assays of triplicate cultures of four separate experiments.

Materials and Methods. Unpulsed DC and HBsAg-pulsed DC
were used to induce proliferation of HBsAg-specific T lympho-
blasts, isolated from normal C57BL/6 mice injected twice with
HBsAg in CFA. Unpulsed DC and HBsAg-pulsed DC from
KLH-high-responders but not from KLH-non-responders
induced significant proliferation of HBsAg-specific T lymphob-
lasts (Table 6).

DISCUSSION

We and others have shown that HBV-Tg represents a useful
animal model of HBV-carrier state to elucidate the host—virus
interactions, when they are used to address questions that
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cannot be otherwise approached by the existing methodology
in human HBV-carriers.!*"1* A placebo-controlled, double
blind trial of vaccine therapy in 35 HBV-Tg with same age,
sex and MHC background, and with similar levels of HBV-
markers (HBsAg, HBeAg and HBV DNA) showed that 22
HBV-Tg became complete responders and became negative
for HBsAg, HBeAg and reduced HBV DNA, whereas, HBV-
markers remained unchanged in 10 HBV-Tg (Table 1). The
outcome of the vaccine therapy was similar to what we and
others have reported about the heterogeneity of outcome of
vaccine therapy in human and murine HBV-carriers.
Moreover, it became apparent that the prevaccinated titres of
HBV-related markers have a limited role, if any, to influence
the final outcome of this immune therapy.

The proliferation and production of immunoglobulins in
response to polyclonal mitogens by lymphocytes were mostly
similar among untreated mice, vaccine responders and vaccine
non-responders (Results and Table 3); the direct role of
lymphocytes to influence the outcome of vaccine therapy could
not be substantiated.

As the outcome of vaccine therapy in HBV-Tg was related
neither to the titres of HBV-markers nor to the function of
lymphocytes, the function of DC, the most potent APC, was
analysed to gain insight into the prognostic marker of vaccine
therapy. A series of experiments revealed that the stimulatory
capacity of both pure populations of DC and DC-enriched
APC was extremely heterogeneous among untreated HBV-Tg,
although all were of same age, sex and MHC background and
all had similar levels of HBsAg and HBeAg in sera (Table 2).
The data from these experiments led us to postulate that the
stimulatory capacity of DC prior to vaccination might have
influenced the outcome of vaccine therapy. Although this
could be tested by checking the function of DC prior to
vaccination and by analysing the outcome of vaccine therapy,
it was technically impossible to evaluate both in the same
HBV-Tg because mice must be killed to isolate the DC. In
order to solve this, we looked for an immunological marker
capable of reflecting the function of DC in HBV-Tg. We failed
to establish any direct relationship between the stimulatory
capacity of DC in allogenic MLR and serum levels of cyto-
kines, such as IL-12, IL-2 and TNF-a (data not shown) in
HBV-Tg. But, a very good correlation was found between the
serum titres of anti-KLH IgG and the stimulatory capacity of
DC in allogenic MLR (r=0-866, P<0-0001); this allowed us
to evaluate both the function of DC (from the anti-KLH IgG
titres in sera) at the beginning of the vaccine therapy and the
outcome of vaccine therapy 12 months after the start of
therapy in the same HBV-Tg (Fig. 1).

A fresh trial of vaccine therapy was undertaken in 17
HBV-Tg with similar levels of HBsAg, HBeAg and HBV
DNA. The serum anti-KLH IgG levels 6 weeks after the start
of vaccine therapy showed that eight and nine HBV-Tg had
potent and poor DC function, respectively. Vaccine therapy
was continued for 12 months and the outcome was evaluated
in all 17 HBV-Tg. All eight HBV-Tg, that had potent DC
function were vaccine responders and became negative for
HBsAg, HBeAg, reduced HBV DNA in sera (Fig. 2) and liver
(Fig. 3) and developed anti-HBs in sera (Table 4). On the
other hand, all nine HBV-Tg with poor DC function became
vaccine non-responders and there were no significant changes
in HBV-markers in any of these HBV-Tg (Table 4).

A second trial of vaccine therapy in 26 HBV-Tg in which
the first dose of vaccine therapy was started 2 months after
injecting booster dose of KLH reconfirmed the relationship
between the DC function before vaccine therapy and the
outcome of vaccine therapy (see the Results).

The importance of DC during an immune response and
defective function of APC including DC in the pathogenesis
of malignancies'®2? and chronic infections'*!* have already
been shown. Vaccine therapy in which HBsAg have been
coupled to anti-HBs, solid matrix and lipopeptide to ensure
better antigen presentation has shown better therapeutic poten-
tial.?*24 DC-pulsed with tumour antigen have shown anti-
tumour activities. Thus, there are increasing arguments in
favour of a critical role of DC in immune therapy but this is
the first report which has shown the prognostic importance of
a host-derived factor like DC during an immune therapy like
vaccine therapy. Recently, Hsu et al?*' have reported that
vaccination of four patients with B lymphoma using autolog-
ous antigen-pulsed DC resulted in heterogeneous outcome.
Although, there might be multiple factors for this heterogeneity
of response in lymphoma patients, but if the DC function
prior to therapy was known in all four cases, then we might
have a better understanding about the prognostic importance
of DC during tumour immune therapy.

Although, we have shown the critical role of the stimulatory
capacity of DC as a prognostic marker during vaccine therapy
in HBV-Tg, these findings would have very limited practical
implications in human HBV-carriers. The levels of blastogen-
esis in allogenic MLR containing T cells from C3H/He mice
and DC from HBV-Tg represented the stimulatory capacity
of DC in HBV-Tg because all T-cell populations were taken
from an inbred strain of normal mice (C3H/He mice), which
had similar proliferative capacity. But in human the levels of
blastogenesis in allogenic MLR are dependent on the stimu-
latory capacity of DC as well as on the proliferative capacity
of Tcells and both of these cell populations show marked
variations in their respective functions even among normal
individuals.

In order to address this and to have a clinical implication
of our observations in murine HBV-carriers, another series of
experiments were conducted in which the cellular events follow-
ing vaccination in HBV-Tg with both potent and poor DC
function were studied. The levels of MHC class II and CD86
antigens on DC from HBV-Tg with both potent and poor
function of DC were almost similar in situ (data not shown)
and when these were injected with PBS (Table 5). But, the
injection of HBsAg in CFA induced completely different types
of stimulation between HBV-Tg with potent and poor DC
function. When HBV-Tg with potent DC function were
injected with HBsAg in CFA, the expressions of MHC class
II and CD86 antigens on DC were significantly up-regulated
(Table 5). Similarly, increased production of IL-12, IL-2 and
TNF-o were seen in cultures containing DC from HBV-Tg
with potent DC function (Fig. 4). The up-regulation of surface
antigens and increased production of cytokines were not seen
when HBV-Tg with poor DC function were injected with
HBsAg in CFA. These data indicated that DC from HBV-Tg
with potent DC function had the capability to be activated
following injection with vaccine containing HBsAg and this is
probably the vital events leading to therapeutic activity of
vaccine therapy. This was further confirmed by showing that
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DC from HBV-Tg with potent DC function was able to induce
HBsAg-specific proliferation of HBsAg-specific T lymphob-
lasts (Table 6). We have already shown the role of activation
of DC for anti-HBs production in HBV-Tg in vitro.>> This
observation showing the relationship between the activation
of DC and the therapeutic potentiality of vaccine therapy is
in line with what Matzinger®® and Ridge et al.*” have suggested
regarding the activation of DC and initiation of an immune
response. They have proposed that the primary distinction for
immune response is made between dangerous and harmless
entities by APC, which are activated to up-regulate costimu-
latory molecules only when induced by alarm signals from
their environment.

The HBV-Tg used in these experiments were prepared on
the genetic background of C57BL/6 mice, which are known
as intermediate responders to HBsAg.?® Further experiments
using HBV-Tg prepared on different genetic backgrounds,
such as HBsAg-high-responder mice (H-29 haplotype)*® or
HBsAg-low-responder mice (H-25")?® might provide further
insights in this regard.

Data from our experiments led us to postulate that human
HBV-carriers, in whom injection with vaccine containing
HBsAg would cause up-regulation of surface antigen like HLA
DR and CD86 on DC would respond to vaccine therapy,
although further experiments in clinical set up in human HBV-
carriers would contribute more in this regard and experiments
about DC activation in human HBV-carriers following vacci-
nation with HBsAg are in progress in our laboratory.

We have not evaluated the role of DC as prognostic
markers in other pathological conditions, in which immune
therapy, especially DC-based immune therapy, has shown
therapeutic potential but data from our experiments indicated
that if the basal level of DC function can be improved in situ,
then it is strongly predicted that the immune therapy would
cause better activation of DC and would initiate a series of
cellular events resulting in therapeutic activity of that particular
therapy. FIt3 has been reported to increase the number and
efficacy of DC in vivo*® and the data from our experiments
showing a prognostic importance of DC provided a scientific
and logical basis to up-regulate the function of DC prior to
immune therapy.
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